Introduction
Nepal is now the only country in which the life expectancy of women is shorter than that of men (UNDP 2000) . Its maternal mortality ratio of 539 per 100 000 livebirths (Pradhan et al. 1997 ) is equivalent to that of mid-nineteenth century Sweden, a country whose subsequent fall in maternal mortality has been ascribed at least partly to a policy of expansion of professional midwifery services (Hogberg 1992) . Similar strategies produced rapid results in Denmark, Japan, the Netherlands and Norway. By contrast, relatively prosperous nations like England, France, Germany and the USA were slower to achieve sustained reductions in maternal mortality. The differences were partly the result of an emphasis on the training of obstetricians rather than encouraging midwifery (Donnay 2000) , partly related to the willingness of policymakers to take responsibility for maternity issues, and partly related to variation in professional accountability (De Brouwere et al. 1998 ).
The Colombo Inter-Agency consultation of 1997 identified skilled attendance at delivery as the critical intervention for safe motherhood (Inter-Agency Group for Safe Motherhood 1997). Skilled birth attendants include midwives, nurses and physicians. Among them, the WHO, UNICEF and the International Confederation of Midwives have identified the midwife as a key to reducing maternal mortality. Nepal's National Safe Motherhood Policy is currently being reviewed to reflect this. The fact that 67% of maternal deaths take place at home and a further 11% on the way to hospital, coupled with the fact that 47% of deaths are due to postpartum haemorrhage, strengthens the case for skilled attendants both in the community and in accessible institutions (Pathak et al. 1998 ).
complications, obstetric first aid and appropriate referral. Although the attendant-to-population ratio is now about 1:2000 (Department of Health Services 2000), only 13% of deliveries are conducted by health professionals, and 89% occur at home (Ministry of Health/New ERA/ORC Macro 2002).
Maternity services in the region are traditionally doctor-led, with midwives working under supervision, a model which pervades most of the training institutes. Unfortunately, confronted by the realities of the situation at district level, a lone Medical Officer or District Health Officer has little time to supervise midwives. The result is that midwives in district facilities tend to develop a capacity for independent work, consulting doctors only for complicated cases. This dilemma -the dependent role visualized during training, which is at odds with the autonomous role in practice -leads us to question the appropriateness of current training models. The low utilization of maternity services in the community makes it imperative that we find training models that will result in the development of skilled birth attendants at all levels in the health service, an imperative that is underscored by the high cost of delivery by doctors.
The Patan Hospital Birthing Centre, inaugurated in 1995, presents an alternative in-service training model. The Birthing Centre (BC) -attached to a district hospital -is the first independent nurse midwifery unit in Nepal, where nurses and auxiliary nurse midwives (henceforth referred to as midwives) provide care for women in low risk labour. The hospital also provides maternity services through a Consultant-Led Maternity Unit (CMU) operating on the standard model of shared care between doctors and midwives, in which ultimate responsibility rests with the obstetrician. The aim is that women with uncomplicated pregnancies will be identified at triage and proceed to deliver at the BC, while those with complications will deliver at the CMU. This aim has not so far been realized. Currently, almost half of CMU deliveries are uncomplicated (LeMaster 1997), while BC utilization remains low. This is despite the fact that the perinatal mortality rate at the BC averaged 2.6 per 1000 births in the first 3 years of operation, a figure on a par with those in BCs in developed countries such as the Netherlands and the USA (Karmacharya 2000) . Part of the problem may be a lack of professional and public awareness of the validity of the independent midwifery model (Baker 1994) .
We wanted to compare the two units, with the hypothesis that for low risk labours, midwife-managed care is associated with intervention and morbidity levels that are as good as those from a consultant-led unit. The findings would have implications for midwifery training models in Nepal and beyond.
Methods

Setting
Nepal is a small landlocked country of 23 million people with an annual per capita income of US$244. It encompasses three distinct ecological belts: the mountains in the North, the hills in the central region and the narrow plains of the Terai in the South. Although the Convention on the Elimination of All Forms of Discrimination against Women has been ratified by His Majesty's Government of Nepal, its implementation remains a challenge. Programmes to improve the situation of women must overcome the constraints posed by Nepal's mountainous topography, caste and ethnic distinctions, institutional weaknesses and financial constraints. Patan Hospital is the district referral hospital for Lalitpur, south of Kathmandu. Because of its reputation for quality of service, it actually draws a clientele from a wider area of the Kathmandu Valley, including Kathmandu itself and Bhaktapur. There are about 5000 annual deliveries.
The birthing centre
The BC at Patan Hospital is an independent unit where midwives have sole responsibility for the care of clients. It is staffed by auxiliary nurse midwives who have had 18 months of midwifery training, and a registered nurse supervisor with 9 months of midwifery training. For the purposes of the study, we defined birthing centre care as intrapartum care, and not, as in some other cases, the totality of antenatal, intrapartum and postpartum care.
A prerequisite for admission to the BC is that a woman should have received antenatal care (at Patan Hospital or elsewhere), and should have had routine antenatal tests: haematocrit, blood ABO and rhesus grouping and syphilis serology. If these criteria are met, the admitting midwife performs a checklist screen that includes the findings of history and examination. Women who are found to be at low risk and confirmed to be in labour are admitted. Women who are determined to be at high risk, or who develop intrapartum risk factors, are referred to the CMU. Subsequent management is based on clearly defined labour ward protocols. The partograph is central to the management of labour and women are assessed at regular intervals. The foetal heart rate is recorded by intermittent auscultation every 30 minutes during the first stage of labour and every 15 minutes during the second stage. Where labour proceeds without the development of complications, delivery is conducted by the midwife on duty. Following delivery, the baby is examined to confirm normality and discharge occurs within 1 day. Prior to discharge, the client is encouraged to discuss breast feeding, family planning and immunization. A postnatal appointment booking is made and each client receives a 6 week supply of iron and folate supplements.
At the time of the study, a delivery at the BC cost US$11, which is the cost paid by the client, based on hospital resources consumed for providing this level of care. There were about 1200 deliveries annually at the BC and the perinatal mortality rate was about 6 per 1000. The maternal mortality ratio was unassessed as there had been no deaths.
The consultant-led maternity unit
The CMU handles both high and low risk deliveries. Admission is conducted by a duty midwife, who adjudges risk status on the basis of history, examination and review of antenatal
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records. If no risk factors or complications are noted, the midwife monitors the labour and proceeds with the delivery. In the event of complications either on presentation or at a later stage, the on-call doctor for maternity is informed. Doctors make 6-hourly rounds of the labour ward and are involved in the management of all admitted women, at both high and low risk. Partography and monitoring procedures are similar to those at the BC, but protocols are not a feature of CMU management. Since a key objective of the CMU is to provide care for high risk labours, women who are assessed as at low risk -but who nevertheless opt for delivery at the CMU -are subject to higher fees (US$27) than those who deliver at the BC. At the time of the study, there were about 3700 deliveries annually at the CMU, the perinatal mortality rate was about 29 per 1000, and the maternal mortality ratio was 84 per 100 000.
Design
The study compared intrapartum care at the BC with that at the CMU. The study could not achieve the power to detect differences in perinatal, early neonatal or maternal mortality rates without an unfeasibly large sample. For this reason, the primary hypothesis was that intervention levels and specified morbidities would not differ significantly between the two units. Key indicators specified as primary outcomes were: artificial rupture of membranes, number of vaginal examinations, use of oxytocics for augmentation of labour, duration of labour, perineal trauma (spontaneous or consequent on episiotomy), meconium stained liquor, neonatal Apgar scores, admission to the special care baby unit, hospital stay and uptake of postnatal care services. Projections suggested a sample size of 500 in each group.
Recruitment
The study enrolled all women judged to be at low risk admitted to the two units between 3 November 1997 and 13 February 1998. Since the site of delivery depended to a great extent on individual choice, it was not possible to randomize women to either the BC or CMU cohort. Data collection was carried out by eight nurses. Participants were identified by research nurses thrice daily during each shift, were judged to be at low risk on the basis of a screening protocol and received a standardized interview after delivery. At the CMU, each postpartum mother's notes were reviewed against the protocol to determine whether she had been at low risk on admission, in which case she was enrolled. The development of complications was no bar to entry so long as she had been at low risk at presentation. At the BC, women were recruited at presentation provided that they met the inclusion criteria. Twenty women were not interviewed because of early discharge.
Background information about social circumstances, age, parity, education and habits was obtained through both interview and review of hospital records. Antenatal and delivery histories were obtained from record review. Data pertaining to infant outcomes were obtained from maternal and infant records. Data relating to attendance for postnatal check 6 weeks after delivery, and family planning methods, were obtained by record review 8 weeks after delivery. Women labouring at the BC who subsequently developed risk factors were transferred to the CMU for further management. The analysis was, however, conducted on the basis of intention to treat. Written informed consent was obtained from all participating women at the time of entry. The study received ethical approval from the Nepal Health Research Council.
Data entry and analysis
The principal investigator scrutinized and amended study forms on site. The data were entered into Epi Info 6 and statistical analysis was performed in Intercooled Stata 5.0 (Stata Corporation, USA). We have presented the findings mainly as frequency distributions, percentages and risk ratios. Normally distributed continuous variables are summarized with means, standard deviations and two sample comparison of means. We present the results of non-parametric tests for non-normally distributed variables, and infer significance at the 5% level for all tests.
Results
Baseline comparison
Nine-hundred and eighty-eight women were enrolled, 550 at the BC and 438 at the CMU. Table 1 summarizes baseline information for the two cohorts. The clientele of the units was predominantly local: 44.1% of women came from Lalitpur District, 43.8% from Kathmandu, 10.5% from nearby Bhaktapur and 1.6% from other districts. As expected, the age distributions were positively skewed. The median age of women enrolled at the BC was 23 years, and for those enrolled at the CMU 24 years: this difference did not attain significance (two-sample Wilcoxon rank sum test: p = 0.35). Age of marriage was normally distributed (an interesting finding that reflects the incidence of early marriage). The mean was 20.32 years (standard deviation -SD -3.42) for women enrolled at the BC, and 20.67 years (SD 3.27) for those enrolled at the CMU. Again, this difference did not attain significance (95% confidence interval -CI -for difference -0.83 -+0.05). Although the median number of years of schooling for women enrolled at both sites was 10, there was a tendency towards more years of schooling in the CMU group (rank-sum test: p = 0.04). The differences in proportions of smokers and alcohol drinkers between the two groups did not attain significance.
The two groups differed to only minor degrees. It is possible that the socioeconomic status of the cohort enrolled at the CMU was slightly higher than that of the group enrolled at the BC (although the differences did not generally attain statistical significance). For example, there is a slight excess of non-smokers, alcohol abstainers, use of private doctors for antenatal care, residence in Kathmandu, Brahmin ethnicity, private water supply and higher consumption score in this group. Although a major systematic difference between the BC and CMU groups appears unlikely, we repeated the following analyses after stratification by age group, by ethnic group and by religion. Since this procedure had no notable effects, the results are presented for the unstratified dataset.
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Complications of labour
Most of the following outcomes are summarized in Table 2 . 12.9% of women enrolled at the BC and 14.8% at the CMU developed complications during labour (an insignificant difference). The commonest were failure to progress, prolonged rupture of membranes and foetal distress. Retained placenta, with or without postpartum haemorrhage, and hypertensive complications occurred in less than 1% of labours. Although risk ratios for some of these complications are presented in the table, we are unwilling to make inferences at the relatively low power of the study.
Procedures
These include vaginal examination during labour, artificial rupture of membranes, the use of oxytocics for augmentation of labour, caesarean section and episiotomy. The median number of vaginal examinations performed in labour was three in both cohorts. Ten women at the BC had no vaginal examination, compared with two at the CMU, a difference of borderline significance. 53.2% of women at the BC had artificial rupture of membranes, compared with 42.3% at the CMU. The higher likelihood of the procedure at the BC can be expressed as a risk ratio (RR) of 1.26 (95% CI 1.10-1.44).
12.2% (67) of women enrolled at the BC received oxytocin for augmentation of labour, compared with almost half of those enrolled at the CMU (46.9%, 205). Oxytocics are not used at the BC: women whose labours fail to progress are transferred to the CMU for augmentation. Notwithstanding the fact that such women were analyzed as BC recruits on an intention-to-treat basis, women enrolled at the BC were significantly less likely to receive oxytocics for augmentation than women enrolled at the CMU (RR 0.26, 95% CI 0.20-0.33).
Despite the higher use of oxytocics at the CMU, the durations of the first, second and third stages of labour were not significantly different at the two sites. Median first stage duration was 150 minutes, second stage 14 minutes and third stage 5 minutes. 95.8% of women enrolled at the BC achieved a spontaneous vaginal delivery, 2% undergoing caesarean section. The spontaneous delivery rate at the CMU was 87.2%, with a 5.5% caesarean section rate. Caesarean section rates appeared to be significantly lower at the BC (RR 0.37, 95% CI 0.18-0.74). There was a trend towards increased duration of hospital stay at the CMU, but this appeared to be influenced by long-staying outliers.
We examined the relationship between elective and nonelective perineal trauma. Women enrolled at the BC had a lower likelihood of episiotomy (RR 0.64, 95% CI 0.57-0.72). However, they had a significantly higher likelihood of perineal laceration (RR 1.70, 95% CI 1.29-2.24). One woman in each group suffered a third degree laceration. If episiotomy and laceration are combined into a variable that aggregates perineal trauma, the overall risk of trauma was lower at the BC (RR 0.83; 95% CI for RR 0.77-0.89).
The incidence of meconium stained liquor at delivery was significantly lower at the BC than at the CMU. Moderate or thick meconium was noted at 8% of BC deliveries and 12.8% of CMU deliveries (RR 0.62, 95% CI 0.43-0.91). Because of the possible association between foetal distress and oxytocic usage, we went on to examine the relationship between the latter and meconium staining. 6.7% of non-augmented labours manifested meconium-stained liquor, while 18.8% of augmented labours did so. T Geetha Rana et al.
-44.1 -+64.0g). Apgar scores at 1 minute were also similar, with tight clustering around a mean score of 8 (rank sum test: p = 0.57). Five minute Apgar scores were highly skewed, with a median of 10 in both groups (rank sum test: p = 0.04; we are unwilling to make inferences on this basis). There was also a significantly lower risk of infants being admitted to the special care baby unit in the BC group (RR 0.51, 95% CI 0.29-0.91). Three neonatal deaths occurred at the BC during the study period; there were two stillbirths and two neonatal deaths at the CMU. Of the seven perinatal deaths, all three deaths from the BC and three of four deaths from the CMU were ascribed to birth asphyxia. The remaining death was associated with a major congenital anomaly.
Postnatal care and family planning
Women recruited at the BC were more likely to attend postnatal care clinics at Patan Hospital (61.3%) than women recruited at the CMU (46.0%: RR 1.33, 95% CI 1.18-1.51). Likewise, 29.3% of women recruited at the BC accessed family planning services after their pregnancies, compared with 15.7% from the CMU (RR 1.85, 95% CI 1.44-2.38). Depo Provera was the commonest method chosen (150 women in the BC group and 51 in the CMU group).
Prostaglandin induction
Management of post-term pregnancy differed between the BC and the CMU. At the BC, postdates induction was not performed. At the CMU, women were encouraged to accept induction of labour with prostaglandin or by artificial rupture of membranes and oxytocic infusion. Sixty-five women enrolled at the CMU received prostaglandin during the study, 43 of them for postdates induction of labour (9.8%).
Concerned that this systematic difference between the two cohorts might confound the study, we repeated the analysis after dropping these 43 from the dataset. This had no notable effect on the results, which are therefore presented for the whole cohort. Postdates prostaglandin induction itself had no effect on the mode of delivery, likelihood of moderate or thick meconium, neonatal Apgar scores or admission to the special care baby unit. It was, however, associated with an increased risk of oxytocic augmentation, the RR being 2.27 (95% CI for RR 1.76-2.94).
Discussion
The findings suggest that, for women at low risk of obstetric complications, intrapartum and early postpartum care by midwives is associated with a reduction in iatrogenic procedures, perineal trauma and foetal distress. Of particular note is the reduction in use of oxytocics (and the putative reduction in associated morbidity) that results from such care, a finding which secondarily supports the use of management protocols by all cadres involved in intrapartum care. Within the study parameters midwife-led care appears no less safe than physician-led care.
The users of Patan Hospital's maternity services are predominantly local and urban. Women who attend either unit for delivery will almost all have attended school (98%), many of them to class ten or above. Their mean age at marriage is above 20, which is higher than the national average (17.1 years among women aged 20-24 years) (Pradhan et al. 1997) , and almost half are members of the Newar ethnic group. An impressive 77% have water piped to their homes. It therefore seems likely that the risks of labour and delivery in either unit will be lower than in a representative national sample.
Because of limitations imposed by the clinical environment, our study was not randomized. The relationship between antenatal care advice, personal preference and the site of delivery led us to decide that randomization was unethical. The possibility therefore remains that there was a systematic difference between the two cohorts that could confound the findings. Indeed, there is a suggestion that the CMU cohort was drawn from a population of slightly higher socioeconomic status than that of the BC cohort. We feel that this would tend to accent the positive aspects of the BC results, but we cannot be sure.
Participants were identified prospectively at the BC but retrospectively at the CMU. Although recruitment was based on a set of clear criteria for low risk labour, the possibility of retrospective errors cannot be ruled out for the CMU group. The rate of intrapartum transfer from BC to CMU for complications of labour is similar to rates quoted in other studies of midwife-managed care, such as the Aberdeen Maternity Hospital study in the UK (Hundley et al. 1994 ). The differences in rates of caesarean section between the two units deserve further investigation. In countries such as Denmark, the Netherlands and Sweden, where the practice of midwifery is essentially autonomous, a strong independent midwifery profession has been an effective counterbalance to the obstetric profession in arguing against excessive intervention in the birth process (McKay 1993; Waldenstrom and Turnbull 1998) . Although caesarean section is a safe intervention, it brings with it a cost in terms of morbidity, and an increase in rate is likely to be accompanied by increases in both maternal morbidity and the cost of birth.
There was a high rate of artificial rupture of membranes at both sites (53% at the BC and 42% at the CMU). This was at least partly the result of a decision -communicated at a monthly perinatal mortality meeting attended by staff from both units -to carry out the procedure for all actively labouring women at three-to-five centimetres of cervical dilation to decrease the risk of prolonged labour (and therefore indirectly to decrease the need for oxytocic augmentation).
The finding that episiotomy was less common in the BC setting, although partially offset by higher laceration rates, is also a matter for discussion. A randomized controlled trial of the efficacy of midwife-managed care at The Glasgow Royal Maternity Hospital, UK, suggested that women in the midwife-managed group were less likely to have episiotomies and more likely to retain perineal integrity (Turnbull et al. 1996) . This finding is further supported by the lower overall rate of perineal trauma found in the present study. Despite a tendency toward episiotomy in many obstetric units in order to avoid laceration, it has not been shown to have demonstrable benefits for either infant or mother (di Carroli G et al. 2000) , and may also increase the risk of transmission of Human Immunodeficiency Virus (Mandelbrot et al. 1999) .
There is also some evidence that a restrictive policy of episiotomy is associated with lower service costs (Borghi et al. 2002) . Despite the difference, episiotomy rates in both units were relatively high. The BC protocol did not focus at the time on the need to decrease the incidence of routine episiotomy. Since then, BC staff have responded to an exposure visit to maternity services in Stoke on Trent, UK, particularly in terms of a reduction in the number of unnecessary episiotomies.
Although less than 20% of women enrolled at the CMU developed risk factors, 47% received oxytocin infusions for augmentation of labour. It also appears that elective induction for postdates brought with it an increased likelihood of oxytocic augmentation. This should be borne in mind as an offset to the putative advantages. Oxytocics have the potential to cause uterine hyperstimulation if not properly monitored, with consequent foetal hypoxia and passage of meconium: the large proportion of women receiving oxytocic infusions and the increased likelihood of moderately or thickly stained liquor at the CMU is a matter for concern. Six of the seven perinatal deaths during the study were ascribed to intrapartum birth asphyxia, and five of the seven were associated with moderate or thick meconium staining. The findings highlight the need to reconsider the indications for oxytocic augmentation of labour. The use of oxytocics in developing countries such as Nepal, where for reasons such as staffing shortfalls intrapartum monitoring may be suboptimal, presents a significant risk to the foetus, a risk that has been associated with neonatal encephalopathy at the Maternity Hospital, Kathmandu (Ellis et al. 2000) .
The findings also underline the need to address the standard of care for infants born with meconium stained liquor. Several studies support a selective approach to endotracheal intubation based on neonatal vigour (Halliday 2000; Wiswell et al. 2000) , an approach that has been ratified by a consensus statement from the International Liaison Committee on Resuscitation (ILCOR) (Kattwinkel et al. 1999) . A study from South Africa suggests that the biggest risk arises from a deficiency of monitoring during labour (Adhikari et al. 1998) : whatever the chosen management strategy, the most important thing is to institute a protocol for monitoring and action.
Women enrolled at the BC were more likely to make subsequent use of postnatal care and family planning services.
Counselling and the provision of information about these services are important aspects of the care that women receive during the delivery period, and are therefore emphasized in the package of services provided at the BC.
Lack of emergency obstetric care (EmOC) services remains a major problem in Nepal (HMGN/UNICEF 2000), and the reduction of maternal mortality may centre on the development of well-trained midwifery cadres who can provide skilled attendance at delivery. Likewise, the expansion of BC
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services to include EmOC would be consonant with the recommendation of the Interagency Group on Safe Motherhood that skilled birth attendants should not only provide care during normal pregnancy and delivery, but should also be able to diagnose and manage complications at an appropriate level and arrange timely referral (Inter-Agency Group for Safe Motherhood 1997). Should we expect midwives in developing countries to achieve the kind of results achieved by midwives in industrialized nations? The BC model demonstrates that Nepalese midwives who have only 18 months of training, and nurses who have 9 months of midwifery training, can provide protocol-based care that appears effective. Although the BC is associated with a hospital, we see its role primarily as a model for the training of existing cadres of skilled birth attendants who will go on to provide community-based services.
As a model for training, however, the Patan Hospital BC is still underutilized. A study conducted in the mid-1990s found that 81% of pregnant women in a sample from the Kathmandu Valley chose to deliver in maternity institutions (Manandhar et al. 1997) , and that four-fifths of deliveries at a tertiary referral centre were uncomplicated. Half of all women delivering at the Patan Hospital CMU are selfreferred and at low risk (LeMaster 1997) . A rational approach might therefore be to develop midwifery-led Birthing Centres with facilities for referral and transfer of complicated cases to hospitals. Such a scheme is potentially effective and could reduce the workload of specialist tertiary facilities, which could then provide a higher quality service for high risk cases. An emphasis on midwife-led care would also be appropriate for other areas of the country where institutional delivery is uncommon. The problem of underutilization needs to be addressed through the provision of high quality, inexpensive services and through advocacy. Links with the local and national Safe Motherhood programmes should be fostered, as well as dialogue with health providers and clients.
Conclusions
Health care providers and communities should begin to see nurses and midwives as safe, qualified and desirable caregivers who can provide cost-effective services with low intervention rates. Midwifery-led care appears to lead to lower rates of iatrogenic procedures, although there is still potential to reduce these further. The study feeds into the global experience of the effectiveness of a primary focus on midwifery, and supports the contention that policymakers should consider piloting the birthing centre model on a larger scale, as well as expanding services to include emergency obstetric care.
